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ABSTRACT 

The P lane ta ry  Entry Parachute  Program 55-foot nominal diameter 

r i n g s a i l  parachute  des ign  i s  analyzed with r e s p e c t  t o  material s t r e n g t h s ,  
# 

.(' shock loading ,  and material  stress ana lys i s .  This r e p o r t  summarizes 

c a l c u l a t i o n s  on  which t h e  des ign  i s  based, m a t e r i a l  and j o i n t  t e s t  d a t a ,  

stress a n a l y s i s  procedures,  and system weight and cen te r  of g r a v i t y  

l o c a t i o n  c a l c u l a t i o n s .  A m a t e r i a l s  p r o p e r t i e s  s e c t i o n  i s  a l so  included 

and b a s i c  parachute  system conf igura t ion  and dimensions are def ined.  
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1.0 INTRODUCTION 

This report is submitted in acco’rdancc with paragraphs 

1.16 and 1.17 of Section B of the Work Statement contained in 

1 Martin Company Procurement Specification No. LY 152450, Revi- 
sion E, dated August 3, 1967. 

The subJect parachutes were designed and manufactured 

under Martin-Marietta Corporation Contract No. RC7-709039. 
I 
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2.0 DESIGN SPECIFICATION 

The parachute  system described i n  Martin Company Procure- 

ment S p e c i f i c a t i o n  No. LY 152450 i s  f o r  u s e  i n  t h e  balloon- 

launch phase of the Plane tary  E n t r y  Parachute Program. 

The s y s t e m ,  as specif ied,  cons i s t s  of 

(a)  parachute ,  

(b)  riser, br id le  and f i t t i n g s ,  

( c j  deployment bag, and 

(d )  miscellaneous support ing hardware. - 

2 .1  Parachute 

The spec i f ied  parachute  Is a r i n g s a i l  t y p e  having the same 

basic geometric propnr t ions  as t h e  84-ft r i n g s a l l  para- 

chute ,  Pioneer Dwg. No. 1.562 except t h a t  t h e  geometric po ros i ty  

i n  t he  crown of t he  parachute  is 0.8% t o  1.0% of  the 

nominal s u r f a c e  area. Material poros i ty  is disregarded. The 

t o t a l  geometric po ros i ty  i s  15% 20.5% of the  nominal sur- 

f ace  area of t h e  parachute.  

The parachute  is as large as poss ib le  and has no 
I 

r e e f i n g  system. The weight of t h e  parachute i s  no less than  

70 lb and no more than  74 lb. 

The c o l o r  of t h e  canopy i s  na tu ra l  w i t h  a b lue  s t r ipe  on 

t h e  i n s i d e  t ha t  is  approximately 6 i n .  wide a t  the s k i r t  and 

tapers between t h e  radials near t h e  vent. Blue stripes 

approximately 3 i n .  by 1 2  i n .  are placed on the  i n s i d e  of the  

canopy s k i r t  on both sides of a l l  r a d i a l s  and a t  t h e  c e n t e r  

of the  gore. 

2.2 Riser System and Deployment Baq 

The riser s y s t e m  and deployment bags are I n  accordance 

with Fig. 1, p.  8 of t h e  s p e c i f i c a t i o n  (LY 152450). A k n i f e  

2 



is  attached t o  t h e  main r i s e r  t o  cu t  t h e  bag-mouth t ie,  which 

is a t  least 300-lb t e s t  l i n e .  A nylon' conduit is added t o  one 

l eg  of t h e  br id le  t o  contain wires f o r  a tension-measurlng 

device. The deployment bag Is l i n e d  with Teflon-coated fabric 

and has a petal-type opening and flaps t o  p r o t e c t  t h e  riser 

during mortar  e j ec t ion .  

i t s  deployment bag, which i s  s u i t a b l e  f o r  f i r i n g  in the 2-ft3- 

capac i ty  I r v i n g  Type I1 mortar. 

The parachute i s  de l ive red  packed In 

2.3 Deployment Conditions, Weight ,  and Miscellaneous Require- 
ments 

The spec i f i ed  payload weight is 600 l b ,  and t h e  weight of 

the  oomplete parachute system Is no greater than  80 lb .  

The parachute is  capable of opening without s t r u c t u r a l  
2 f a i l u r e  a t  mach 1.6, dynamic pressure of 13 l b / f t  , 

e J e c t i o n  ve loc i ty  of 130 ft/sec. 

2.4 Miscellaneous Requirements 

The complete parachute system,as spec i f i ed ,  is  

and a mortar 

capable of - 

deployment and of sus t a in ing  opening loads without s t r u c t u r a l  

f a i l u r e  a f te r  being subjected t o  125OC for  120 h r  while packed. 

A l l  s t r u c t u r a l  f a b r i c  material chosen f o r  the parachute  

system i s  Dacron except t h e  b r i d l e  (vehicle-attachment riser), 

which i s  nylon. A l l  l i n e s ,  tapes ,  webbings, and threads are 

hea t - s t ab i l i zed ,  high-elongation Dacron material; high-tenaci ty  

t y p e  was prefer red .  The canopy c l o t h ' s  a i r  p e r m e a b i l i t y  does 

not exceed 200 ft3/min/ft2 a t  a pressure d i f f e r e n t i a l  of 1/2 In. 

of water across  t h e  c lo th .  It was permissible t o  use MIL-C- 

25361, Type I11 Dacron webbing f o r  t h e  main riser. 

a heat-st ab1 l l z e d  webbing. 

T h i s  i s  not 



Each component par t  t ha t  can be disconnected from the  

system has an iden t i fy ing  s e r i a l  number. 

The system, packed f o r  service, 1s shipped I n  a r eusab le  

conta iner ,  which prevents  t h e  parachute pack from growing In 

s i z e  during shipping and s torage.  T h i s  con ta ine r  and any . 

packing material Is capable o f  t h e  same s t e r i l i z a t i o n  treat- 

ment as t h e  system. The container  has a removable l i d  on one 

end and is c y l i n d r i c a l  ( i n s i d e  diameter 11.5T!,8 In., and 

2 9 . 5 4 8  +' i n .  - long i n s i d e  when the l i d  I s  fastened) .  The 

closed end has a threaded f i t t i n g  which w i l l  accept an a i r  

f i t t i n g  f o r  t h e  poss ib l e  appl ica t ion  of a i r  p re s su re  t o  eJcct 

t h e  parachute.  A 2+~/8-1n.-wide s l o t  extending l-o +''a in. 
below t h e  i n s i d e  o f  t h e  fastened l i d  is cu t  I n t o  the c y l l n d r i -  

c a l  part  of t h e  conta iner  from the open end o f  t h e  conta iner .  

- 



-- 3.0 DESIGN .DATA 

The parachute sys ten  was desirned t o  meet t h e  requirements 

given i n  Sec t ion  2.0 and c o n s i s t s  of a parachute,  main r iser,  

vehicle-attachment riser ( b r i d l e ) ,  and a deployment bag. 

The parachute i s  a 55-ft-nominal-diameter r i n g s a i l  with 

54 gores ,  and 65-ft-long suspension l i n e s  sewn onto six metal 

l i n k s  . 
The bas i c  shape of t h e  un inf la ted  parachute i s  approximately 

a quarter-sphere.  

The canopy has  1 0  r i n g s  and sai ls ,  of which s a i l  8 was 

omitted t o  form a 27-1/2411. eap. 
2 The t o t a l  area of t h e  canopy is  2376 f t  . Using a CD of 

2 0.62, t h e  es t imated drag a rea  f o r  the  chute Is 1473 ft . 
The t o t a l  geometric poros i ty  ( A  i s  14.6%. The geometric 

g 
poros i ty  of the  crown a rea  ( A  ) is  0.94%. 

=C 
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4.0 GORE L A Y O U T  A N D  P A F A C H U T E  COMFICURATIOM 

Tht  parachute t y p e ,  diameter, and geometric poros i ty  were 

s p e c i f i e d  b y  Martin Company Procurement Spec i f i ca t ion  No. 

LY 152450. The parachute requested was t o  be a r i n g s a i l  type  

w i t h  a 55-ft-nominal-diameter and 155 geometric porosi ty .  

Pioneer selected a 54-gore configurat ion 8s t h e  optimum. 

The area So of t h e  canopy was ca l cu la t ed  from t h e  equation 

so = ; x Do2 = x 5S2 = 2376 f t2 ,  

where Do Is t h e  nominal diameter. 

parameters were then a p p l i e d  t o  determine the  diameter of t h e  

sphere on whose sur face  t h e  required canopy area would subtend 

The s t i p u l a t e d  r i n g s a l l  

a 108O ver t ex  angle (see Fig. 4-1). 

4 . 1  Basic Gore Geometry 

R ingsa i l  parachutes have typ ica l ly  presented many problems 

a r i s i n g  from info ld ing  a t  t he  s k i r t  caused by t h e  excess material 

r equ i r ed  f o r  fu l lnes s .  To el iminate  such excess,  and thereby t o  

minimize info ld ing ,  i t  was decided t o  inc rease  t h e  above-calcul- 

ated canopy area i n  t h e  r a t i o  o f  58:54 and t o  r e c a l c u l a t e  t h e  

sphere diameter accordinzly. The gore parameters were then  cal- 

cu la t ed  as i f  t h e  parachute were t o  have 58 gores.  However, t o  

keep t o  t h e  proper canopy area,  only 54 gores  were assie;ned t o  

each parachute.  

Hence, t h e  area used t o  ca lcu la te  t h e  r ad ius  of t h e  sphere 

was 

A = 2376 x = 2552 ft2. 

Refer r ing  again t o  Fig. 4-1, w e  can see that  

A = 2552 2+Rh 

and w e  compute as fellows. 

6 
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F i g .  4-1. Basic r ingsa l l  geometry. 
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h = 0.412R; 

S u b s t i t u t i n g  t h i s  value of  h, we f ind' '  

. 2552 = 0.824rR2; 

R = 31.397 ft. 

Tota l  he ight  of gore - 31.397 x 12 x 54O ( rad ians )  

= 355.09 in. 

The method of ca l cu la t ing  t h e  basic  gore dimensions and the  

r e s u l t a n t  dimensions a r e  i l l u s t r a t e d  i n  Fig. 4-2. 

Following ca l cu la t ion  of t h e  basic gore dimensions, the 

number of sails  was determined. It was decided t o  make the 

parachute  w i t h  10 sails, t h e  upper fou r  were a c t u a l l y  r i n g s  

separated by s l o t s .  The widths  of t h e  four  s l o t s ,  from t h e  top 

down, were 1.5, 1.25, 1.0, and 0.75 in . ,  respec t ive ly .  To 

achieve t h e  requi red  15% minimum geometric p o r o s i t y , - t h e  8 th  . 

s a i l  was omitted.  A l l  sai ls  except s a i l  1 0  (which was 33 In. 

h i g h )  and a l l  r ings  were 34 in .  h i g h  ( f i n i s h e d ) .  Since the distance 

up t h e  c e n t e r  of t h e  gore was known f o r  t h e  leading and trail- 

i n g  edges of each sai l  (and  r i n g ) ,  i t  was poss ib l e  t o  c a l c u l a t e  

t h e  gore width a t  a l l  necessary points  by s t r a i g h t - l i n e  i n t e r -  

po la t ion  between t h e  c l o s e s t  two values taken from Fig.  4-2. 

After t h e  basic r i n g  and s a i l  dimensions were ca l cu la t ed ,  

f u l l n e s s  was added. The basic  r ing  and s a i l  dimensions; w i t h  

and without f u l l n e s s ,  are shown i n  Table 4-1, and the  f u l l n e s s  

a l l o w e d . i s  char ted In Fig. 4-3- 

Next ,  t h e  pattern dimensions ( inc luding  seam allowances) 
-._ 

were ca lcu la ted .  The f i n a l  pa t t e rn  dimensions are summarized 

i n  Fig.  4-4, 

8 
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Area No. of 
gores 

54 
- 

R 2 376 

2552 58 , 

= 31.397 ft 

= 376.762 In. 

3.10344' 

rad. = 0.054165 

Arc $, 2 arc 8, Arc a - 
236.720 
fn . 

355 096 0 90 0 1.5708 591.816 

87O14.8' 0.04801 1.52276 573.720 337 . 000 0.980 I 1.960 

322.207 

289 353 3.545 - ' 7 . 0 9 0  

5.281 10 563 

6.9.79 13.959 

8.624 17.248 

10.204 20.407 

11.706 23.411 

13.118 26 . 236 
14.430 28.860 

15 . 632 31.264 

16 . 510 33 019 

,256.462 

223.570 I 70 I 0.3420 I 1.2217 I 460.290 
190 717 65 0.4226 1.1345 427.437 

60 0.5000 1.0472 394.545 157 825 

124.934 

92.080 I 50 I 0.6428 I 0.8727 I 328.800 

I 45 I 0.7071 I 0.7854 I 295.909 59 189 

26.298 40 0.7660 0.6981 263.720 

36 0.8090 0.6283 236.720 

*Arc a I Ra, where R is  i n  inches and a is i n  radians. 
tArc 8 R8 cos a ,  where R I s  in  inches and $ is i n  radians, 

Figure h - 2 .  Basic gore dimensions for the 55-Pt rfngsai l .  
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.H , A  .Sail  

1 

2 

3 

4 

5 

6 

7 

a 
9 

10  

.B 

8 . 090 36.053 4.168 
I .  

34 - 5  
~ 

11,970 34 551 8.201 

12.051 34.5 15.738 34 549 

34.5 15 790 19 367 34 . 546 

34.554 
~~ 

34.5 
.. 

19 393 23 256 

26:753 34.563 22.573 

25.663 34.5 30.110 34 572 

0 M I T T E D  

34.5 I 30.888 

34.5 33.461 I 38.642 I 34.597 I .  

Figure 4-4. Ring and sai l  patterns for tho 55-ft 
r i n g s a i l .  Dimensions are given in inches. 



4.2 Geometric Porosi ty  
- .  

T h l s . s e c t i o n  presents  t h e  ca l cu la t ions  required t o  Y l @ l Q  

a 5 5 - f t - d i m  r i n g s a i i  parachute wi th  a t o t a l  geometric po ros l ty  

of  15%, and a crown-area geometric po ros i ty  of  0.90-0.95% 88 

es t ab l i shed  by Martin Marietta. The method used is t o  determine 

t h e . t o t a l  area of a s i n g l e  gore (from t h e  bas i c  gore dimensions 

ca l cu la t ed  by t h e  method described i n  Sec t ion  4.1) and then t o  

compare t h a t  a rea  w i t h  t he  t o t a l  open area i n  the  gore. 

To determine t h e  t o t a l  a r ea  of a gore,  w e  assume t h a t  8 

gore comprises a number of t rapezoids  and a terminal  t r i a n g l e  

(at  t h e  vent end).  Figure 4-5 (not t o  s c a l e )  i l l u s t r a t e s  how 

t h i s  assumption can be appl ied t o  t h e  55-ft parachute.  

t h e  dimensions shown are taken d i r e c t l y  from the geometry 

A l l  
, 

- ca lcu la t ions  i n  para. 4 . 1  and are  i n  inches.  

The a r e a  of each t rapezoid and ' the  a r e a  of t h e  triangle 

were ca l cu la t ed  and summed t o  y i e ld  t h e  t o t a l  gore area. 

f ie  open area was calculated after t h e  number of sails, . -  
t h e i r  s i z e ,  and t he  percentage of f u l l n e s s  allowed had been 

determined (see Sect ion 4.1). The open area can be thought bi 

as comprising fou r  types:  

. 
I 

(a) t h e  vent ( t h e  area covered by t h e  vent l i n e s  must 

be sub t r ac t ed  from the t o t a l ) ,  

(b)  t h e  s l o t s  i n  the  crown a r e a  (assumed t r apezo ida l ) ,  

( c )  t h e  8th s a i l  (which was omitted, leav ing  an 

assumedly t r apezo ida l  gap surmounted by a s a i l  scoop),  and 

(a) t h e  s a i l  scoops ( t r e a t e d  here as t r i a n g l e s ) .  

I n  f l i g h t ,  the  sai l  scoops w i l l  probably assume c re scen t  &ape8 

but may a t  any given time resemble anything from a t h i n  crei- 

cent  t o  e l l ipse.  Seventy-five percent  of t h e  t r l a n g u l a r  

13 



Figure 4-5. Basic gore of the 55-ft r i n g s a l l ,  
for porosity calculations. 
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shape is  taken as a reasonable approximation. Possible and 

assumed shapes are i l l u s t r a t e d  in Fig. 4-6. 

Total geometric poros i ty  X (in percent)  I s  ca lcu la t ed  G 
from the formula 

( t o t a l  open area) x 100 
( total .  area) X -  

g 

Crown-area geometric porosi ty  ( i n  percent )  is  calcu- 
g C  

l h t ed  from t h e  formula 

(open area of vent + s l o t s )  x 100 
(4-2) X -  

g C  ( t o t a l  area) 

The ca l cu la t fons  made for  t h e  55-ft-dia. r i n g s a i l  parachute 

follow 

Total  area of  one gore (see Fig. 4-5 for dimension 

r e fe rences )  . 
(26.298 x 32.1415) + 32.891 (30.062 + 27.548 + 21.909 

+ 8.8265) t 32.854 (24.8235 + 5.3245) + 32.892 (18.8275 

+ 12.261) + (32.853 x 15.6035) + (14.793 x 2.7595) 

+ (18.096 x 0.980) = 6335.25 in2. 
. -  

Total open area of one gore = (a) + (b) + ( c )  + (a), 
where a l l  dimensions are obtained from t he  r i n g  and sai l  

dimensions ca l cu la t ed  i n  Section 4.1: 

(a) Vent (less vent-l ine blockage) 

4 [(base) - (vent- l ine blockage)] 

x [ (a l t . )  - (vent- l lne blockage)] 

4 (1.96 - 0.15625) x (18.096 - 0.3125) 
2 = 16.04 in . 

(b) S l o t s  ( less radial- tape blockage) 



(a)  Probable actual shape 

(b) Possible shape 

30 774 ,I 
( c )  75% of  area of t h i s  shape assumed for 

porosity calculations 

Fig. 4-6. Scoop shape. A l l  dimensions 
are i n  inches and are taken from para. 4 . 1 .  
They are for the trailing edge or s a i l  10 
and the  leading edge of Sail  9. 

16 



From equation (4-2): 
a + b  x 1 0 0 '  Crown-area geometric porosity (i. = -t g C  

( c )  O m i t t e d  8th sail  (less radial-tape blockage)(see '  

= [13.328S2 - 12.63g2]' - 4.23138; x1 

areal = 27.5 x 4 (27.487 + 25.278) + 3/4 (12.639 x 

4.23138) = 753.02 In2. 

Sail  scoops (less radial-tape blockage) ( see (d) 

Fig. 4-91 
. .  

x2 [16.lO4S2 - 15.0122J4 = 5.83050.; 

area2 - 3/4 (15.012 x 5.8305). 

= [11.675S2 - 11.1675 1 % - 3.40650; x3 

area3 = 314.(11.1675 x 3.4065). 

x4 = [9.95352 - 9.6442]' = 2.46280 . . .  

area4 = 3/4 (9.644 x 2.4628). 

Total  area of scoops: 
2 111.99 i n  

Tota l  open area: 
I 

16-04 + 43.24 + 753.02 + 111.99 924.29 in2, 

Hence, from Eq. ( 4 - l ) ,  the  percentage of t o t a l  open area, 

9w' - 14.6% (see Fig. 4-10). 
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- .  

Top of 9th 
sail 

F i g .  4-8, Geometry of omitted 8th sail. 

4 Bottom of 
9th sail A 

(a) 30.024 4 I 22.335 4 (b) 
radial blockage radial blockage 

Top of 10th sail less Top of 7th sail less' - 
t 

4 Bottom of 
5th s a i l  A 

(C) I, 19.288 
Top of 6th sail le88 

radial blockage 
--. 

F i g .  4-9. Geometry of the sail 8coop8. 
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n s l o t  area 

- I  

lop area = 1 

! area - 28. 

,Total area of  basic gore 
from para. 4-2 
= 6335.25 In2 . 

t Open crow areas 
= 59.28 In2 

t Open areas - 924.29 In2 

t open areas x 100 
Total Area A =  8 

I i+> 
3 5.25 

A~ = 14.6% 

Fig. 4-10. Porosity dis tr ibut ion ,  
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5.0 SNATCH FORCE (SEE FIG. 5.1) 

ri - (1302 + 2 x 32.2 x 67.55) 

= 145.8 ft/sec. 

2 (wc/g)Vt x (no. of gores) x ( l i n e  strength) 

pS =I (L S + lr) x (5 elongation) - d  

11: [(70/32.2) 7 8  x x 145 .82  0.30 x 5 4 x 605) ’  

= 8032 lb. 

ft/sec 

it 

145.8 ft/sec 

Figure 5-1. Design considerations for 
calculating snatch force a t  l i n e  stretch, 
due to  mortar firing downward; 

21 



6.0 OPENING FORCE 

Computed t r a j e c t o r i e s  were ava i lab le  for a 65-ft-dIar. 

r i n g s a l l  w i t h  CD = 0.62 and I n f l a t i o n  time = 0.5 secI 

at  a dynamic pressure  of 1 2  l b / f t 2 ,  and a 60-ft-diam; rIngak5l 

w i t h  CD = 0.62 and i n f l a t i o n  t i m e  = 0.5 sec ,  at dynamlc 

pressures of 1 2  and 13  lb / f t2 .  

I n  Appendix A. 

These t r a j e c t o r i e s  are included 

When it was found t h a t  the  maximum weight 

requirement necess i t a t ed  a s i z e  reduction t o  55-ft diam., the 

.schedule d i d  not permit time out f o r  more computer work. I n  

view of the  a v a i l a b l e  da t a ,  it was decided t o  scale down the  

maximum fo rce  obtained f o r  t h e  60-ft parachute a t  13-lb/ft  
2 

dynamlc p res su re  i n  t h e  same ra t io  as t h e  d i f f e r e n t i a l  between 

the  65- and 60-ft-diam. parachute forces  a t  12 l b / f t  
I 2 

. This value then became t h e  predicted opening force  for the 

ss-ft-diam, parachute.  The ca lcu la t ions  follow. 

1. A t  1 2  l b / f t 2  
. Fo f o r  65-ft parachute - 20,547 l b  

F, f o r  60-ft patachute = 17,761 l b  
2 

20,547 x (g) x k 1'17,761 l b  

k 1.01450. 

2. A t  1 3  lb / f t2  I 

F, for 60-ft parachute = 18,580 l b  

F, for 55-ft parachute = 18,580 x (E)' x 1.01450 
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7 . 0  PARACHUTE S I Z I N O  

The procurement spec i f icat ion required the parachute $0 

be as large as poss ib le  to  meet the s p e c i f i e d  deployment and 

weight conditions.  Since the  schedule d id  not permit. Waiting 

to  obtain llghter-weight materials, It was necessary to  use 

materials already in mtock. 

parachute manufactured, 55-ft-norninal-diameter, was control led 

by the  weight l lml ta t ion  of 70-74 l b  f o r  the parachute. . 

Hence, the a c t u a l ' s i z e  of the 

I .  

I .  

I 

I 
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Fig. 8-1 and the design factors used are given in Table 8-1. 

Ultimate suspension-line and vent-line load (see: Fig.  8-1) . 
There are 54 gores, each with an ultimate tensile strength of 

605 lb. Estimated ultimate suspension-line load 18 

'Ult - (no. or gores) x (ult. t.a./line) - 54 x 605 - 32,670 lb. 
1 .  Allowable suspenslon-line load. The design factor of 1.9% 

load is - 

(. Pult 
'allow design factor 

I '  

I 
Elargin of safety for suspension lines. I 

I .  

- 1.0 load allowable 
'OS' * worst-case load developed 

1 

. .  
I 'allow 

*O 

Ultimate radlal-member load. Assume that all radial 

loads are carried by 54 radial tapes in tension (I.c., the 

canopy cloth does not carry any radial load). 
I 
I - (no. of radial tapes in tension) 'Ult 

x (ult. t.s./tape) - 54 x 550 = 29,700 lb. I -  



M.S. = +82. 

Fig. 8-1. Design of the 5-ft-rlla. 54-gore rlngsall para- 
chute. (Pioneer drawing 1.5 z 38.)  
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1.95 

Allowable load for rad ia l  members. The 

is taken f r o m  

Pallow 

Table 8-1. 

Pult 
design factor 

16,292 l b .  

Margin of safety for rad ia l  members. 

M.S. = 

I 

design 

load allowable -1.0 
worst-case load developed 

’allor 

0 . 0286 

-1.0 

-1.0 

or 2.86%. 

factor of 

I 
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I .  

CALCULATE LOAD ACTING ON M A I N  SEAM. 

EXPLANATION OF TABm. 8-2 

1. For s e l e c t e d  r ings ,  determine ( 2 )  cloth area inc luding  

f u l l n e s s ,  less seam allowance and take-up. 

2. From s p h e r i c a l  coordinates of basic gore dimensions, 

we ob ta in  t o t a l  area of  crown for combination of  ring selected. 

3. Assuming t h a t  crown i n f l a t e s  w i t h  a hemispherical  

p r o f i l e  (a good assumption s i n c e  evaluat ion of r i n g s a i l  para- 

chute p r o f i l e s  i n d i c a t e  the p r o f i l e  is very c lose  t o  a hemis- 

phere), w e  c a l c u l a t e  a radiu8. 

4. From Fig. 8-2, f o r  a given r ad ius ,  w e  determine the  

corresponding force .  

sail  p r o f i l e  t o  fo rce  i n d i c a t e s  our assumption of loads  vs  

p r o f i l e  f o r  t h i s  configurat ion is good.) 

( A  good method s i n c e  comparison of r ing-  

5. By d iv id ing  t h e  force  by the c l o t h  area that the 

force  a c t s  on, w e  can determine t h e  pressure a c t i n g  on the 

selected r ings.  

6. By t ak ing  t h e  product of t h e  pressure  and r ad ius ,  . 

w e  ob ta in  a load i n  lb / in .  a t  a given poin t  on the main seam. 

Worst case  is f o r  case 4 ,  where load is 14.428 lb / in .  = Pdev. 

Assume maximum load is ca r r i ed  by c l o t h  above gap. 

Allowable load for canopy cloth. 

I u l t  s t r e n g t h  cloth ( w a r p )  
'allow design f a c t o r  

60 lb/ in .  
2.279 

26.33 lb/in. 

28 .- _ -  



l -  

- .  
Margin of safety for clotb. 

'allow - 
2 lb In. MIS. = 

'dev 

I 

29 



- .  

Apportion Fo t o  canopy shape, 

during In f l a t ion  process, t o  

determine worst case f o r  load 

on main seam. 

. 

Radfus 
In. 

59.625 

106.880 

152.238 

174 . 225 

213.064 

220.00 

I 

.. 

FO 
l b  

1230 

6050 

13180 

15838 

13900 

13550 

I 

TABLE 8-2 . 
CANOPY LOADINO 

Case 
no . 
1 

2 

3 
4 

5 
6 

t- 

2 3'  4 5 6 7 '  

crown, f u l l n e s s ,  less seam 
allow. and take-up, 

21,166 

. .  69,898. 

. 144,897 

191,249 . 

- 247,427 

9 306,620 

22,338 

71,775 

145,621 

190,723 

285,234 

342,104 

5 t 2' 
lb/ ln2 

0 05811 

0 -08655 

0.09096 

0.08281 

0 . 05617 

0.04419 

6 x 4  
I b / h  . 

3-465 

9.250 

13.848 

1 4  428 

11.968 

9 722 



n 
9 
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Load developed I n  s k i r t  band. 

Fo max 
Fs # l i n e s  

I 

= 293.3 lb 

18.3 

Determine <e  

= 0.28153 

= 16O21' 

Calcu la te  F 

= Fssln 16O21' 

= 293.3 x 0.28153 

= 82.6 l b  

FY 

For convenience, w e  a s s ign  Fy forces a c t i n g  toward the  C/L of 

t h e  parachute-values and + values  t o  t h e  forces a c t i n g  outward. on 
t h e  c loth panel8. 

force  + F 
The t ens ion  fo rce  (T) I n  t h e  skirt  band is a func t ion  of the 

and t h e  %a taken by t h e  s c a l l o p  a t  the s k i r t .  
Y 

.32 , 



NOTE : From evaluation of 
Inf lated  parachutes 
)a appears to  be not less 
than looo  

Free-body Dlagram 

A 

u - L V -  \ -  
I 

f 

= T = c t n a z  P 

82.6 = 5.671 x .T 
234.21 

Allowab,e ,oad in skirt band t -  

'allow Design Factor 
I u l t .  t.s. tape (rated) 

550 l b  
1-92 

= 286.4 

I 

Margin of sraPety for aklrt band' 

M.S. - 'allowable ~ 

'developed 

286m4 - 1.0 - 1.223 - 1 . 0  - +22.3s -234.p 
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I -  

. *- . I  . '  ' 

Load developed i n  vent band. '. . . 

1 .  

. .  

. .  

From c a l c u l a t b n f o r  skirt band,Fy - 82.6 l b e  

vent tape 7% s h o r t e r  than constructed diameter 

Using a 

of t h e  vent,  we are able t o  car ry  a t  least 201 

of t h e  Fy load i n  t h e  vent tape. 

Cxoth . 

Radial Member 

Vent Band 

Vent Tape (or  l i n e )  

Free-body Diagram 

.I P x .80 'vent I 

. -  

I 

= 66.08 l b '  

I 

. .  . .  
. .  . 

Use t h e  following formula 

We so lve  f o r  Pdev 

66.08 1b - -Zqgg* 

66*08 = 568.28 Xb mo,11628 

3' - . . . . - - 



1 

Load allowable for vent band 

r u l t .  t .8.  tape 
'allow Design Factor 

= 3 x 550 Ib 
1.92 859.4 lb 

Margin of safety  f o r  vent band 

M.S. I 'allowable = 
'developed 

-1.0 

I 

. .  I -  
i 
i 35 



___ .- . , 

Attached Riser, Pioneer Dwg. 3.73454 

Load Allowable - 6ply x 7000 lb*  
'allowable Design Factor 

*rated strength for MIL-W-25361, Type I11 

.I -2.28 42 000 - 18421 

Margin of Safety  

M.S. - 'allow -1.0 'dev - *o 
'dev 

18 421 - 15,838 -loo 

Cotton Buffer 
/ 

36 
0 



4 point  

Cotton Buffer typo 7. 
Loop t o  accept 1-in.-dla.  pPn r 
Typ. webbing rnat'l, 

10,000 l b ,  Type XIX .  
- MIL-W-4088, 1-3/4 wtde x 

S t i t c h  with Nylon 6 cQrd 
VT-295. 

. .  

I 

- Cotton Buffer 

Loop t o  accept 3/4-1n.- 
d ia .  pin, 

Calculate Pallow on two leg8 

Calculate Margin of Safety (TWO Legs) 

37 



Calculate Pallow (Equai' Load) 

60 ooo - *.- 6 p ly  x 10,000 l b l p l s  
Design Factor 

Calculate M.S. (Equal Load) 

'a11 
Fo m a x  

32,787 l b  

-1.0 = -1.0 2.070 -1.0 
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9.0 WEIGHT BREAKDOWN 

Pioneer Parachute is 77.25 lb and I s  itemized In Table 9-1. 

The weight of the complete parachute system supplied by 

This value meets the 80-ib maximum weight 

parachute itself' weighs 70.5 lb and meets 

weight requirement . 
requirement. The 

the 70-lb mninfmurp- 

The attached riser weighs 2 lb, the vehicle-attachment 

riser (bridle) weighs 3.063 lb and the deployment bw- 

weighs 1.688 lb. 

I 



TABLE 9-1 
WEIGHT BREAKDOWN 

I t e m  

1.0 Parachute 

1.1 

1.2 

1 - 3  

1 .4  

1.5 

1.6 

1.7 

1.8 

1.9 

Cloth 

Radial tapes 

S k i r t  re inforcing 

Vent re inforc ing  

Suspension l i n e s  

Vent l i n e s  

Ring and s a i l  re inforc ings  

Blue s t r i p i n g  

Radial-loop b u f f e r  

1.10 End f i t t i n g s  

1.11 Thread 

SUB TOTAL - ACTUAL 

2.0 Attached Riser 

3.0 Vehicle-attachment Riser ( B r i d l e )  

4.0 Deployment Bag 

275 

532 

55 

9 

1182 

30 

456 
6 

9 

6ea 

Unl t 
weight 

2.0 

0.26 

0.26 

0.26 

62 yd/lb 

62 yd/ lb  

0.16 

1.10 

0.14 

'1-3/4 

approximately 
02 ea 

Total  
weight 
( l b )  

33.564, 

8.645 

0.887 

0.146 

19 . 063 

0.488 

4 . 560 

0.408 

0 079 

0.684 

2.000 

70.50 

2.00 

3.063 

- 1.688 

77.25 

- 
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, .  

10.0 CENTER OF GRAVITY 

10.1 Packed Parachute 

The center of gravity of the packed parachute 18 assumed 

to be at the center of the deployment bag, 

10.2 "Strung-out" Parachute 

The weight breakdown for the center-of-gravity calculations 

for the "strung-out" parachute is shown in Fig. 10-1 and the 

locations for the weights and the center-of-gravity are given 

.in F i g .  10-2. 

The calculations are shown in Table 10-1. 

10.3 Inflated Parachute 

The weight breakdown for the center-of-gravity calcudations 

for the inflated parachute is shown In Fig. 10-1, and the locations 

for the weights and the center of gravity are given in Fig .  10-3. 

The calculations are shown in Table 10-2. The center of 

gravity of the Included air mass is as follows. 

r = 18.838 it 

cog. = (3/8)r + 903.02 (from Fig. 10-3) = 987.79 in. 

The weight of the included air mass Is as follows. 

w - p  x (2/3)~r 3 

at 128,000 it altitude 

w = 0.125 lb, 8 

4 1  

-. 



Figure 10-1. Weight Breakdown 
for Center-of-Gravity CaLculatIons 

> 

, 

I 

3.957 

9.614 



'868.6" 

Figure 10-2. Location of' Weights for "Strung- 
out" Parachute 

6" I 

I 
9 53 N 

j 
Fitting 

987" 

1151 . 25 
I 

1221.5" 

ti86 .-25' 

-25 

I - 

5w 



Length 
( g )  
i n  . 
40.0 

121  . 0 

546.0 

953.0 

987 0 

1048 . 5 

1082 . 5 

1116 . 5 

1151.25 

1186 . 25 

1221 . 5 

1256.5 

Calculat ion of  Center-of-Gravity 
f o r  "Strung-out" Parachute 

Lengths taken from Fig. 10-2 

Weights taken from Fig. 10-1 

TABLE 10-1 

Weight 

l b  
(w) 

3.063 

2.684 

19 . 063 

9 . 614 

8.287 

7.205 

6.214 

5.464 

4.701 

3.957 

3.175 

3-135 

122.52 

324 . 76 

10408.40 

9162.. 1 4  

8179.27 

7554.44 

6726.66 

6100.56 

5412.03 

4693.99 

3878.26 

3939.13 

Z(w) - 76.562 l b  

z ( m )  - 66502.16 in- lb  

,#, - 86806 i n .  

Center-of-gravity is . 
a t  868.6 In .  (marked on 
F i g .  10-2.) 
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93-02 

F i g .  10-3. Location of wei .ght . s  for i n f l a t e d  parachute. 

45 



Length 
(L) 
In. 

40.0 

120.765 

529 275 

920.004 

953.587 

1010.532 

1039.483 

1064.942 

1087.187 

1105.199 

1118.451 

1126.448 

987 79 

Calculation o f  Center-of-Gravity 
f o r  In f la ted  Parachute 

Lengths taken from F i g .  10-3 

Weights taken from F i g .  10-1 

TABLE 10-2 

fe ight  

lb 
(w) 

3 . 063 
2.684 

.g. 063 

9.614 

8.287 

7 205 
6.214 

5.464 

4.701 

3.957 

3.175 

3.135 

0.125 

122.52 

324.13 

10089.57 

8844.92 

7902.38 

7283.77 

6459.35 

5818.84 

5110.87' 

4373.27 

3551.08 

3531.41 

123.47* 

Z(w) = 76.687 lb 

z(m) = 63535.58 in-lb 

z(m) = 828.51 in. co 
Center o f  gravity is . 
at  828.11 i n .  (marked on 
Figs. 10-3 and 11-1). 

*Included a i r  mass. 



APPENDIX A 

COMPUTER RUNS 
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11.0 PARACHUTE ASSEMBLY MASS MOMENTS OF INERTIA 

11.1 Parachute Assembly and Its C.G. Location 

F igure  11-1 d e p i c t s  t h e  c h a r a c t e r i s t i c s  of a r i n g s a i l  para- 

chute  assembly, which upon canopy i n f l a t i o n  takes the shape of a 

hemisphere, Using axis A-A as a base r e fe rence  t h e  parachute 

assembly c . g .  l oca t ion  can be expressed as 

(11-1) 

For t h e  55-ft Do r i n g s a i l ,  Table 11-1 lists t h e  evaluated 

c h a r a c t e r i s t i c s .  U s e  o f  t h e  above equat ion r e s u l t s  in 

0 

= 55.85 f t  A -A Z (11-2) 

The l o c a t i o n  o f  t h e  system c.g. .with r e spec t  t o  the  y-y a x i s  

is t h e r e f o r e  given by 

- 
Z = -[62.29 - 55-85]  = -6.44 it ( 11-3 1 Y -Y 

11 .2  Canopy Material 

11 . 2.1  Rol l  I n e r t i a  of  Fabric Circumferent ia l  Bands That 

Make Up Canopy ' ( w i t h  respec t  t o  z-z a x i s )  

The r o l l  mass moment of i n e r t i a  can be shown t o  be 

I 
n 

= ~ [ 2 / 3 r m , r ~ { s i n  e2(cos2e2 t 2 )  - s in  e1(cos2e1 + 2)31 (11-4)  
2-2 

where mc I s  t h e  canopy material mass d i s t r i b u t i o n  per  unit area 

and n is t h e  number of c i r cumfe ren t i a l  r i ngs .  

Table  11-2 d e p i c t s  t h e  propert ies  associated w i t h  the  elrcum- 

f e r e n t l a l  r i n g s  used on the  55-ft Do r i n g s a i l  parachute.  

t i o n  of equat ion (11-4) y i e l d s  

Evalua- 

I2-Z = 286.000 lb-ft-sec2 ( 11-5 1 



. 
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TABLE 11-1 
Characteristics of 55-f't Do 
Ringsail Parachute Assembly. . 

~~ ~ 

W (lbs) 

41 . 565 
9.212 

.. - _--- ---. 

19.063 

5.745 

75 585 
-_----- 

72.18 

72.18 

31 15 

-6.48 

-- 

Description 
~ 

Canopy Material 

54 Radial Bands 

54 Shroud Lines 

Riser Assembly 

Parachute Assem- 
bly Total Weight 

=, angle made between any shroud line and 
system centerline = 16.6O 

r, canopy inflated radius = 18.838 ft 

L, shroud line length = 65.9 it 



TABLE 11-2 
Properties of Fabric Circumferential Rings 

Associated With 55 F t  Do Rlngsail Parachute Canopy. 

RING NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

-- ---- 
WT. (LB) 

1 578 

2.152 

__-- ----- 

2.953 

3.707 

4 . 385 

5.135 

6.126 

0 

7 117 

8.412 

8 1  ( d e d  

76.80 

67 . 80 

58 . 86 

. 50.00 

41.19 

32 57 

23.95 
--- 
8.36 

0 

----I_ 

0 2  m e )  
.- - 

85 . 4 1  

76.42 

67.48 

58.61 

49.80 

41.19 

32.57 
-- 

16 . 96 

8.34 

Total 41.565 l b  

Total area of 10 circumferential rings 
(total canopy c l o t h  area) = 1990 f t2  

4i*5e5 - ,649 x 10‘’ lb-sec2/!’t3 990 mc 32. ( 
I 



11.2.2 Pi tch  and Yaw I n e r t i a  of Fabric  Bands That Make 

U p  Canopy ( w i t h  respect  t o  x-x and y-y 'axls) .  

The p i t c h  and yaw mass moment of i n e r t i a  can be shown to be 

For t h e  55-ft Do r i n g s a i l  parachute  

x-x 5 - Y  = 144.894 lb-f t -sec2 (11-7) 
= I 

With respect t o  t h e  parachute assembly cog .  a x i s  

= 144.894 + -- 4:;5:5 (6.44)2 = 198.430 lb-ft-sec2 (11-8) 
I X - x  = I Y - Y  

11.3 Radial Bands 

11.3.1 Roll Iner t ia  of Radial Bands on a Canopy (with respect 

t o  2-2 axis), 

The r o l l  mass moment of  iner t ia  of the  radial bands can be 

shown t o  be 

= nmb' 3 {!!LA+ s i n  2e2 
2 I2-2 

(11-9) 

where n is t h e  number of radial bands under considerat ion.  

rass d i s t r i b u t i o n ,  mb, is t h e  mass of t h e  radial band per unit  

running length.  Hence 

The 

i 'b 
mb n g rw 

2 
(11-10) 

For t h e  55 tt Do r i n g s a i l  parachute  under cons ide ra t ion  

here in  there are 54 radial bands. Hence 

2 (9.212) 10-3 lb 8ec2 
54 (32.2) (18.838) ( 3  .I41 -179 -- 01-11) = 

mb 



Equation (11-9) when used f o r  t h e  5 5  ft Do r i n g s a i l  Yields 

17  
18 

- 50.751 lb-tt-sec2 (11-12) IZ-2 

11.3.2 P i t c h  and Yaw Iner t ia  of  Radial Bands on a Canopy 

( w i t h  r e spec t  t o  x-x and y-y axis). 

The p i t c h  and yaw mass moment of i n e r t i a  can be shown t o  be 

= P 2 ~ r n ~ r 3 C s i n 2 1 ~ ~  e e  + s i n  2e2  - s i n  2 8 1  
x-x = I Y - Y  1 I 4 

where, f o r  the following, 

P 

1 
2 
3 
4 

- 5  
6 
7 
8 
9 

10 
11 
12 
13 
1 4  

.. . 

I 

O0 

6O40' 
13O20' 
2 oo 
26O40' 
33O20' 
4 Oo 

46O40' 
53O20' 

66O40' 
73O20' 
8 Oo 

86O40' 

---- --- 

60° 

26 

93O20' 

106°40' 
113O20' 
1200 
126O40' 
133O20' 
140° 
146O40' 
153O20' 
160° 
166O40' 
173O20' 

io00 - 

I n  t h e  55 f t  Do r i n g s a i l  parachute 

= 76.126 lb-it-sec' 
I X - X  = IY-Y 
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The p i t c h  and yaw mass moment of i n e r t i a  wi th  respec t  t o  the 

system's cog.  is 

= 76.126 + - 90212 (6.44)2 - 87.991 lb-ft-sec2 (11-14) I X - x  = I Y - Y  32.2 

11.4 Shroud Lines 

11.4.1 Roll I n e r t i a  of Shroud Lines Making U p  a Parachute 

( w i t h  r e spec t  t o  2-2 a x i s ) .  

The roll mass moment of iner t ia  o f  a number o f  shroud l i n e s  

can be shown t o  be 

m s ~ 3  = n- s in2=  
2-2 3 I (11-15) 

where ms i s  t h e  mass d i s t r i b u t i o n  of t h e  shroud l i n e  p e r  running 

u n i t  l ength .  The number of shroud l i n e s  is designated n. 

I n  t h e  55 f t  Do r i n g s a i l  

3 l b  sec2 = .168 x io- .ffz- 19.063 
ms = 54(65.9)32.2 

Using equat ion (11-15) y ie ld8  

I = 70.636 lb-ft-sec2 
2-Z 

( ii-16) 

(11-17) 

(11-18) 

11.4.2 Pi t ch  and Yaw I n e r t i a  of Shroud Lines Making U p  a 

Parachute ( w i t h  respect t o  B-B and C-C ax is) .  

The p i t c h  and yaw i n e r t i a  can be shown t o  be 

P S h Z T  + cosz- 
IB-B IC-c - 4 C C ~ , L ~  

s in2Ssin2r + - cos = cos2= 0 - 7  13 3 12 i- ( 11-19 1 

s i n z = s i n z r  +  COS'^ 
(NOTE: For t h i s  case l-sinz=cosZv - 1). 
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Using equation (11-19) yield8 

* 89.641 lb-tt-sec2 IB-B = IC-c *(11-20) 

With respect t o  t h e  system's c.g. . 

= 89.641 + 19*063(24.7)2 - 450.825 lb-ft-sec2 (11-21) IX -x  = IY-Y 'TZT 

t , 



r 

Member 

Canopy rings 

Radial bands 

Shroud l i n e s  

TABLE 11-3 
S - w  

IX -x  - IY-Y 
( lb-ft-sec2) I ( lb-ft-sec2) IZ-z 

I 

286 000 198.430 

50 751  87 991 

70 636 450.825 



12.0 FABRICATION AND PACKINQ 

12.1 Fabr i ca t ion  

The parachute-fabricat ion sequence was as follows. 

(a) Cut c l o t h  and stamp r i n g  or. s a i l  number I n  upper- 

r igh thand corner .  

( b )  Baste r i n g s  or sai ls .  together down main seams, form- 

i n g  a series of complete r i n g s  from vent t o  s k i r t .  

( c )  Attach c i r cumfe ren t i a l  r e in fo rc ing  tapes t o  l ead ing  

and t r a i l i n g  edges of r ings  and s a i l s .  

(d)  Make s k i r t  and vent hems, 

(e)  Sew co t ton  loop b u f f e r  to  radial tapes, folding the 

radial, ready for  suspension-line-attachment loop formation. 

( f )  Attach radial tapes, s t a r t i n g  a t  t h e  vent ,  matching 

marks t o  r i n g  and s a i l  edges. I n s e r t  t h e  radial-gap-reinforce- 

ment tape through t h e  gap and form t h e  suspension-line-attach- 

ment loop when t h e  s k i r t  i s  reached. 

(g)  Attach vent l i n e s  t o  radials at  vent w i t h  zig-zag 

s t i t c h  pa t t e rn .  

(h)  Add zig-zag s t i t c h i n g  t o  radial  a t  s k i r t ,  top  and 

bottom of t h e  gap,and through the s l o t s  between rings 1, 2, 

and 3. 
I 

(I)  Attach suspension l i n e s  t o  suspension-line-attachment 

loops and zig-zag s t i t c h .  

( J )  Fabricate t h e  a t tached  riser p e r  Pioneer  Dwg. 3.73454 

~ and a t t a c h  t h e  s i x  ends t o  the  l i n k s  us ing  a four-point  cross- 

s t i t c h  p a t t e r n ,  
I 



12.2 P A C K I N G  PROCEDURE FOR 55-FT RINGSAIL ASSY.  119.1466 
REV. ORIG 

1. Check and record part number, ser ia l  number, and Weight 

of canopy, deployment bag, and riser. (Use Form E-0082-AT/3.) 

2. V e r i f y  t h a t  Pioneer  and Martin inspec t ion  stamp9 8* 

on canopy, on bag f l a p ,  and adjacent t o  a s sy  S/N on bag. 

. 3. S t r e t c h  canopy and suspension l i n e s  under tension.  

4. Plea t  canopy gores ,  27 t o  each s i d e ,  w i t h  Y 1  gore up. 

5 .  I n s t a l l  6-cord Dacron t i e  (approx. 6 ft long) t o  loop 

I n  bottom Ins ide  of bag. ( U s e  bowline knot.) 

6. Attach 6-cord Dacron tie through s leeve  from bag t o  

apex. ( U s e  bowline knot.) 

7. Relieve tension. 

8. Place dummy riser I n  deployment bag riser flap. Place 

bag i n  packing conta iner ,  and secure w i t h  cord. .  

9. Fold panels #l through #7 i n t o  bag and put  under 

pressure.  

10. Relieve pressure ,  f o l d  i n  panel # 9 ,  and reapply p res su reo  

11. Relieve pressure ,  f o l d  i n  panel # l o ,  and reapply pres- 

sure. 

12. Relieve pressure. 

13. Gather suspension l i n e s  i n t o  bundles approximately 

10 i n .  long and hold with rubber  band8. 

14. Lay i n  one l e v e l  of bundled suspension l i n e s .  Remove 

rubber  bands from l a id- in  l eve l .  

15. Lay i n  n e x t  l e v e l  of bundled suspension l i n e s  at right 

angles  t o  previous l e v e l .  Remove rubber  bands from laid-in 

leve l .  



16. Continue t o  l a y  i n  bundles o f  suspension l i n e s  u n t i l  

a l l  l i n e s  are stowed. 

17. Reapply pressure.  

18. Fold I n  riser por t ion  o f  canopy t o  c u t t e r  kn i f e ,  and 

t i e  bag mouth w i t h  550-lb Nylon cord s l eeve ,  and attach red 

flag. (Use s l i p  knot w i t h  locking loop,) 

19. Feed 300-lb Dacron cord through mouth ties, and rig 

c u t t e r  knife .  

20. Fold i n  excess riser. 

21. I n s t a l l  l i d  and r e t a i n i n g  bolts,  

I 
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LABORATORY JOINT-TEST REPORTS 

T h i s  appendix presents  t h e  results of labora tory  s t rength-  

of-mater ia ls  and s t r u c t u r a l - i n t e g r i t y  tests requi red  by Para. 

1 . 1 5 ~  of t h e  Work Statement o f  Martin Marietta Procurement 

Spec i f i ca t ion  No. LY 152450, Rev. E, f o r  Contract RC7-709039, 

The tests reported on were made t o  a s c e r t a i n  the adequacy 

of  t h e  pr imary s t r u c t u r a l  members o f  t h e  parachute assembly, 

Pioneer  Dug. 19.1466. The s t y l e  and format of t h e s e  r e p o r t s  

are i n  accordance w i t h  parachute-industry standard technology. 

Figure 1 and Table 1 are furnished as a guide t o  l o c a t f n g  

s p e c i f i c  tests. Test  r epor t s  fo l low Table 1 in numerical order .  

If an i l l u s t r a t i o n  accompanies a r epor t ,  It bears the same 

i d e n t i f y i n g  number as the report. 





TABLE 1 
LABORATORY TEST REPORTS, E-0082-TL SERIES 

T e s t  no. 
E-0082-TL/ 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

Item(s) tested 

Cloth,  Dacron, hea t  s t a b i l i z e d  per Pioneer  Spec. 

Webbing, Dacron, 1-3/4 x 7000 l b  p e r  Spec. 
MIL-W-25361, Type I11 

E-0082-2 

J o i n t ,  webbing t o  l i nk  

J o i n t ,  suspension l i n e  t o  l i n k  

Cord, coreless ,  Dacron, 16 x 16 per  Pioneer  Spec. 
E-0067-2 or E-0082-3 

J o i n t ,  suspension l i n e  t o  loop 

Tape, Dacron, 3/4 x 550 l b  

J o i n t ,  radial t o  c i rcumferent ia l  tape through 
s lot  

J o i n t  , radial t o  circumferent ia l  tape through 
gap sec t ion  

Radial tape  through gap area 

J o i n t ,  vent l i n e  t o  r a d i a l  tape 

3 



LABORATORY TEST REQUEST/REPORt 

PR03ECT E-OQ82 [TEMCS) TO BE TESTED 

'er Pioneer  Spec. E-0082-2 
: loth,  Dacron, heat s t a b i l i z e d ,  NO . 

NO E-0082-TWl 
I 

URPOSE @ULTIMATE O P O I N T  OF O E F F I C I E N C Y  O O T H E R  
STRENGTH FA I LURE 

rEST METHOD Use Scot t  tester Plodel 53, w i t h  12- in . /dn .  
Load rate,  and 3-in. tes t  sample, warp d i r e c t i o n  only,  
m l e s s  otherwise spec i f i ed  from Engineering v e r i f i c a t i o n  
:ests. 

tEQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED 
JPB 8/3/67 JPB 8/3/67 

ample U l t .  t.8., NO. of Sample U l t .  t.8., NO. of 
ends no. l b  ends no. ~ l b  

1 86 115 9 85 116 
2 86 116 10 04 115 

86 116 11 844 115 
4 854 115 1 2  84 116 
3 

115 13 854 116 
14 844 116 

5 854 
6 87 117 

15 79% 113 
16 8 34 115 

7 854 115 
115 8 844 

COMPtENTS Check of  s t r e n g t h  
of 6 pieces of w a r p  fbeada 
0.7 l b  each. Accwacy of 

69 machine - f 0.1 lb. Scott 
70 Model X-5 load rate = 1 2 " h  
63 Length of sample (between 

daws) = 3 68 

'rom Receiving Inspect ion Tes 
Sample no. U l t .  t.8. l b  ' 

1 
2 
3 
4 

n. 

in. 
From 16 engineering v e r i f i c a t i o n  test8.J- ! .  I RESULTS 

Mln. u l t .  t.8. 

Max. u l t .  t.8. = 87 l b  
Av. u l t .  t.8. * 84.8 l b  

Min. u l t .  t.8. = 63 l b  
Max. u l t .  t.8. = 70 l b  

794 lb] A - 7% l b  

From 4 rece iv ing  inspec t ion  te8ts. 

] h - 7 1 b  I 
av. u l t .  t , s .  = 67.5 l b  

CONCLUSIONS Pioneer t e s t  resul ts  (these performed for 
engineer v e r i f i c a t i o n )  are very similar t o  test  r e s u l t s  
obtained from p in i she r  and U.S..Testing Labs. 

TESTED BY 2.. Bayles  a F. S ~ ~ ~ ~ D A T E  COMPLETED 8/7/67 



LABORATORY TEST REQUEST/REPORT 

er  Spec MIL-W-25361, Ty. I11 
recap. of test results) .  

- I E-0082 ITEMCS) TO BE TESTED 
ebbing, Dacron 1-3/4 x 7000 l b ,  NO . 

‘TEST E-0082-TL/2 NO . 
I 

’URPOSE a U L T I M A T E  U P O I N T  OF O E F F I C I E N C Y  O O T H E R  
STRENGTH FAILURE 

TEST METHOD 
2,000-lb range and 3%-in. s p l i t  drums. .Load rate 
2-1n./min. 

Use Tlnius Olsen Tension-testing machine, 

REQUESTED BYIDATE REQUESTED~REQUEST APPD. BYIDATE APPROVED 

1 3/6/67 JPB I 
TABLE 
Sample 

1 
2 

3 
AV 

U l t .  t .8.,  l b  

8725 
8725 
8720 
8723 

RESULTS 
See table. 

JPB 3/6/67 I 
COMMENTS 
Webbing bought on P.O. 41529. 
Vendor c e r t i f i c a t i o n  f o r  u l t .  
t .s .  based on av. of 5 
samples = 8876 lb .  LOW . 
b r e a k  - 8720 lb .  

CoNCLUS1oNS Webbing I s  I n  excess o f  rated t.s. of mat’l; 
therefore,  webbing I s  acceptable f o r  use Intended. 

rESTED BY LaRlvlere IDATE COMPLETED August 1, .1961 

5 
.f. 

I 



I -  
f 
i 

ITEMCS)  TO BE TESTED 

o l n t ,  webbing t o  l i n k  
ef. Detail "F" Dwg. 1.5438 

LABORATORY TEST REQUESTlREPORT 

PROdECT E-0082 

TEST E-0082-nJ3 

NO . 
NO. 

'URPOSE O U L T I M A T E  QPOINT OF O E F F I C I E N C Y  O O T H E R  

TEST METHOD Use Tinlus Olsen tens ion- tes t ing  aachine,  
12.0 K range and %-In. s p l i t  drums, load rate 12-in./min. 
(See at tached sketch for detail  of t e s t  sample.) 

STRENGTH FAILURE 

REQUESTED BYIDATE REQUESTED~REQUEST APPD. BYIDATE APPROVED 
JPB 1 1 4  Ju ly  67 I 

TABLE 
Sample U l t .  t.s., l b  

1 6670* 

3 6630t 
4 6810t 
5 6240t 

2 6580. 

AV 6586 

*Tested 18 J u l y  67 by JPB. 
tTested 1 4  J u l y  67 by 
T. Bayle8. 

JPB I 1 4  Ju ly  67 

COMMENTS 

For webbing, Pioneer  Receiv- 
ing Inspec t ion  r e p o r t s  show: 

Mln u l t .  t .8.  = 8720 l b  

Av u l t .  t.8. = 8723 l b  
Max u l t .  t .8. = 8725 l b  

RESULTS 
Av u l t .  t .8. = 6586 l b  
Mln u l t .  t.s. = 6240 l b  
Max u l t .  t.8. = 6810 l b  

,ff. -(Mln u l t .  t.s. Jolnt)/(Mln u l t .  t.s. m a t ' l )  = 6240/87 
= 71.56%. 

Iff. =(Av u l t .  t.8. jo ln t ) / (Av u l t .  t .8.  m a t ' l )  = 6586/8723 
= ?5*50%. 

CONCLUSIONS J o i n t  I s  acceptable for Intended use. 

TESTED BY Brecht & Bayles IDATE COMPLETED July 26, 1967 

6 
. - - - -  



6-in 
mi 

For 

MIL-W-4088, Type X I X  / 1-3/4 X 10,000 lb 

4-point 
cross stitch / with 6-cord Nylon e 

E-0082-1 Y 

MIL-W-25361', Type I11 / 

construction details ref. Detail "F" Dwg. 1.5438 

Joint, Webbing to Link 
Sketch E-OO82-nJ3 

7 



. -  

ITEM<S) TO BE TESTED 
J o i n t ,  suspension l i n e  t o  l i n k .  
55-ft Ringsa l l  
Parachute R e f  Dwg. 1.5438 

I 
I 
I 
I 
1 
I 
I 
1 
1 
I 
B 
3 
I 
I 
9 
I 
I 
I 
I 
I 
I 
I 

PROJECT E-0082 

TEST 
NO . 

NO. E-Q 0 8 2-TL/4 

LABORATORY TEST REQUEST/REPORT 

PURPOSE ULTIMATE @POINT OF  EFFICIENCY D O ~ H E R  

TEST METHOD Use Tinius  Olsen tens ion- tes t ing  machine, 
2400-lb s c a l e ,  w/l2-in./min. load rate, 10 in .  between 
j a w s  - start condi t ion and 34-111. s p l i t  drums. 

STRENGTH FA1 LURE 

REQUESTED BYIDATE REQUESTED~REQUEST APPD. BYIDATE APPROVED 

JPB I 18 J u l y  67 I 
I I 

TABLE U l t .  strenjxth, l b  

JPB I 18 Ju ly  67 

COMMENTS 
Weakest member of j o i n t  I s  
cord,  co re l e s s ,  Dacron, 
E-0082-3. From recap. of 
t e s t  r epor t  based on 30 
samples, u l t .  s t r e n g t h  of 
cord is as follows: 

Min = 610 lb 
Av = 638 l b  
Max = 660 lb 

(1) Fai led a t  reduced cross 
s e c t  i on  . 

( 2 )  Cord failed. 
RESULTS J o i n t  e f f i c i e n c y  IS: 

( J o i n t  t.s. min)/(min. u l t .  t.s. of cord) = 622/610 
= 1.02 = 1021 

( J o i n t  t.s. av ) / ( av  u l t .  t.s. of cord) = 636/638 

( J o i n t  t.s. min)/(av u l t .  t.s. of cord) = 622/638 

( J o i n t  t.s. min)/(max u l t .  t . s .  of cord) * 622/660 
= 0.9424 
= 94.241. 

= 0.9969 = 99.6 - 0.9749 = 97.4 

- -. - .- _-_- 
CONCLUSIONS 
s t r e s s  r e p o r t  (95%) appears t o  be reasonable.  

J o i n t  e f f i c i ency  used I n  p r e l i m i n a r y  design 

TESTED BY Fay & J u l i e  IDATE COMPLETED 

8 



I '  

n 
ref . 

See Note 6 

CrOS8-8t~tCh 
with 6-cord Nylon 7- 4-point 

6 min. 
MIL-W-4088, Type  X I X  
1-3/4 x 10,000 lb ' 

L 

f 
For construction details ref. 

Detail "F" Dug. 1.5438 

Joint, Line to Link 
Sketch E-0082-TL/P 



. .  
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- 
[TEMCS) TO BE TESTED 
Cord, Coreless, Dacron 
16x16 p e r  Pioneer  Spec 
E-0067-2 or E-0082-3 

LABORATORY TEST REQUEST/REPORf 

E-0082 NO . 
TEST E-0082-W5 NO . 

REQUESTED BY DATE REQUESTED 
JPB A p r i l  13, 67 

rEST METHOD 
CCC-T-lglb, Method 4102 a8 noted. 
t ens ion - t e s t ing  machine on 2400-lb 8~810,  using 3%-ln. 
s p l i t  dsum8. 

Pioneer Method #6 o r  Federal  SpeCiflCatlOn 
U s e  Tinius Olsen 

REQUEST APPD. BY DATE APPROVED 
JPB A p r i l  13, 67 

*Rolls 601 through 606 bought on P.O.,41513. Rol l  607 
bought on P.O. 42116. Roll  6 0 E  bought on P.O. 42272. . .  
tP loneer  method d 6 .  A l l  o the r s  o r i g i n a l  Rec. Insp. . test ,  
using method 4102. 
RESULTS Based on 30 samples or cord, t e s t  results are 
LS f O l l O W 8 :  

AVO U l t .  t o 6 0  - 638 lb 
Min. U l t .  t .8 .  - 610 1b 
Max. u l t .  t .8 .  - 660 l b  
A t .8. = max - rnin - 50 l b  

JOTE: T h i s  r epor t  is a recap i tu l a t ion  of a l l  Receiving 
Cnspectlon and Engineering v e r i f i c a t i o n  r epor t8  on t h i s  
zord t o  date. 
CoNCLUS1oNS Cord is acceptable for use Intended. 
NOTE: Rate t e n s i l e  s t r eng th  of Spec E-0067-2 cord I s  

550 l b ,  and Spec E-0082-3 18 605 1b. 
TESTED BY B a y l e s ,  Brecht, IDATE COMPLETED 24 July 67 

Pay Stone, S LaRivitre 
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ITEMCS) TO BE TESTED 
J o i n t ,  suspension l i n e  t o  loop. 
55-ft R ingsa i l  Parachute,  
ref. Dwg. 1.5438. 

LABORATORY TEST REQUEST/REPORT 

PR03ECT E-0082 
NO. 

TEST E-0082-TW6 NO 
I 

PURPOSE M U L T I M A T E  QPOINT OF r;C(EFFICIENCY O O T H E R  

TEST METHOD Use Tinius Olscn Tension-testing machine, 

STRENGTH FAILURE 

2400-lb s c a l e ,  w/l2-in./mln. load rate, 10 in ,  between- 
Jaws - start condi t ion and 3L-in. s p l i t  drums. 

REQUESTED BYIDATE REQUESTED~REQUEST APPD. BYIDATE APPROVED 

JPB 1 26 J u l y  67 I 
TABLE 

Sample U l t .  t.s.* l b  

590* 
600* 
613. 
590* 
625* 
640, 

*Core. ,ailed at change of 8ec 
t i o n .  Av. u l t .  s t r e n g t h  
= 603.6 lb. 
tCord failed a t  other than 
change of sec t ion .  

JPB 126 Ju ly  67 
COMMENTS 
Weakest member of j o i n t  Is 
cord, core less ,  Dacron per  
Pioneer Spec E-0082-3 
(16 x 16 cord).  Lowest break 
was 610 lb .  Av. of 30 tests 
was 638 l b .  Max. u l t .  t.8. 
was 660 lb. 

RESULTS 
J o i n t  eff .  - (min. u l t .  t.s. of Jolnt)/(min. u l t .  t .8 .  or 
cord) = 590/610 = 97%. 
or (av. u l t .  t .8. of Jo in t ) / ( av .  u l t .  t . 8 .  of cord) 

603.6/638 - 94.6%. 

CONCLUSIONS Although 94-65 joint e f f i c i e n c y  using av. 
u l t .  t.s. is s l i g h t l y  less than the predicted 95% 
e f f i c i e n c y ,  a larger sample of  j o i n t  would I n  a l l  proba- 
b i l i t y  yie,ld t h e  95% req. 
TESTED BY Fay Stone & Tony IDATE COMPLETED August 1, 196 

11 
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See Detail "C" W g .  1.5438 
for details of materials 
and Jolnlng. _ .  

Direction 
o f  

P u l l  

Joint-Suspension Line to Loop Attachment 
Sketch E-0082-TL/6 



LABORATORY TEST REQUESf/REPORT 

I T E M S )  TO BE TESTED 
Tape, Dacron, 3/4 x 550-lb min 
i l t .  t.s. - (Recap. of a l l  test1ng)'TEsT 

E-0082 NO . 
E-O082-TL/7 NO. 

I 

WRPOSE a ULTIMATE UPOINT OF OEFFICIENCY DOTHER 
STRENGTH FAILURE 

REQUESTED BY 

JPB 

TEST 
ethod 5100, use Tln ius  Olsen tens ion- tes t ing  machine on 
400-lb scale and 335-in. s p l i t  drums - load rate 12-ln./~nln~ 

Similar t o  Federal Spec i f i ca t ion  CCC-T-19lb 

DATE REQUESTED REQUEST APPD. BY DATE APPROVED 

7/6/67 JPB 7/6/67 
1 I 

TABLE Mln u l t .  t.s., l b  

Rol l  Roll Rol l  Roll Rol l  
Sample. 701 702 703 704 705 

1 632 592 606 592 562 
2 575, 584t 
3 635t 574t 

Rol l  Rol l  
708 709 4 670t 

5 626t 638 608 
630t 
(620t 

6 
Av 

*Tape bought on P.O. 42109. 
tEngr. r e v e r i f i c a t i o n .  A l l  l630t 

+& 

Roll  Ro l l  

590 640 
706707 

Roll Ro l l  
710 711 
608 570 

611 
- 633 

589 
o t h e r  data from Rec. Insp. tesq 
repor t s .  
RESULTS 
s follows: 

Based on 24 samples of tape  tes ted,  r e s u l t s  are 

Av. u l t .  t.8. = 608.3 l b c  
Min. u l t .  t .8.  = 562 l b  

Max. u l t .  t .8.  - 610 l b  
A t .8.  = max - mln = 108 l b  

Wendor C e r t i f i c a t i o n  f o r  av. s t r eng th  is 582 lb .  
NOTE: Tape manufactured from three separate yarn lo t s .  

CONCLUSIONS Tape I s  acceptable  f o r  use intended. 

TESTED 3 1  Fay Stone 
LaRlvlere 
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LABORATORY TEST REQUESTIREPORT 

ITEMCS) TO BE TESTED 
J o i n t ,  radial t o  c i rcumferent ia l  
tape through s l o t  (ref. Detail G 
Dwg. 1.5438) 

E-0682 NO. 

TEST E-oo~~-TL/~ 
NO . 

PURPOSE O U L T I M A T E  a P O I N T  OF a E F F I C I E N C Y  a O T H E R  

TEST METHOD 
2400-lb s c a l e  and w i t h  3'5-in. dim. s p l i t  drums. 

(See a t t ached  ske tch  fo r  de ta i l s  of t es t  samples.) 

STRENGTH FA I LURE 

Use Tin ius  Olsen tens ion- tes t ing  machine on 

REQUESTED BYIDATE REQUESTED~REQUEST APPD. BYIDATE APPROVED 
JPB 24  J u l y  67 

TABLE 
T e s t  No. U l t .  t - s . ,  l b  

I 

av = 624 
627 

2 
3 
4 627 

PR # l  

P 
CtopXl 

297 

295.5 P #l 

3 
297 'Bottom 

RESULTS Efficfency i n  radii 

JPB 24 J u l y  67 

COMMENTS Radial Tape f r o m  
R o l l  #702 - T e s t  data 
Indicates fol lowing values:  

Min u l t .  t.8. = 574 l b  
Max u l t .  t .8.  = 670 lb 
Av* u l t .  t .8 .  = 604.8 l b  

Circumferent ia l  tape - r o l l #  
unknown - for  4 1  random 
samples t e s t  data i n d i c a t e  
following va lues  

Min u l t .  t.8. = 279 l b  
Max u l t .  t.s. = 330 lb 
Av u l t .  t e a .  * 306.5 lb 

*Based on 6 samples tes ted.  
d i r e c t i o n  l a  

(Min u l t  str Joint) / (Min u l t  t .8 .  tape) = 619/574 = 107.8% 
(Av u l t  str Jolnt) / (Av u l t .  t.s. tape) = 624/604 = 103.3%. 
(Min u l t  s tr  joint)/(Max u l t  t - s .  tape) = 619/670 = 92.4s. 

(Min u l t  str jo in t ) / (Min  u l t  t.s. tape) = 287/279 = 102.8% 
( A v  u l t  str Joint) / (Av u l t  t.s. tape) = 295.5/306.5 = 96.4 
(Min u l t  str joint)/(Max u l t  t .s .  tape) = 287/330 = 87.0%. 
CONCLUSIONS J o i n t  e f f i c i e n c y  f o r  radial tape Is wi th in  

predicted values  and j o i n i n g  method is acceptable. 

s t r u c t u r e :  they  are used t o  prevent f l u t t e r  damage. 

Eff ic iency  i n  c i rcumferent ia l  d i r e c t i o n  is 

Circumferent ia l  tapes a r e  not considered par t  of primar 

TESTED By Fay Stones Bay les ,  IDATE COMPLETED 24 July 67 
LaRiviere, & Brecht  



As 

pC top . 

pC bottom 

TYP 

For construction and materials d e t a i l s  see Dwg. 1.5438 
Detail "C". 

J o i n t ,  Radial t o  Circumferential Tape T h r O U R h  Slot  
Sketch E-0082-TL/8 
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ITEM(S) TO BE TESTED 
J o i n t ,  radial tape t o  circumferen- 
t i a l  tape through gap sec t ion .  
(See d e t a i l  B, h g .  1.5438.) 

LABORATORY TEST REQUEST/REPORT 

E-0082 NO. 
TEST E-0082-TL/9 

NO. 

1 s t r u c t u r e :  t h e y  are used t o  prevent f l u t t e r  damage. 
I . -  - --- . _  

I 

URPOSE a U L T 1 M A T E  QPOINT OF  EFFICIENCY CIOTHER 
STRENGTH FA1 LURE 

rEST Use Tinius  Olsen tens ion- tes t ing  machine on 
2400-lb s c a l e ,  f o r  PR t e s t ,  and 600-lb s c a l e  on Pc test, 
and w i t h  3%-in.-diam. s p l i t  drums. (See a t tached  sketch 
f o r  detai ls  of tes t  sample.)  
~EQUESTED BYIDATE REQUESTED~REQUEST APPD. BYIDATE APPROVED 

JPB I 10 July 67 
rABLE 
rest No. U l t .  t.s., l b  

pR 1 
2 
3 620 1 

av. = 

p c  
2 
3 

RESULTS Efficiency i n  rl 

JPB 10 J u l y  67 

;OMMENTS Radial tape from 
r o l l  711 - tes t  data 
ind ica t e  t h e  following data: 

Min. u l t .  t.s. = 570 l b  
Max. u l t .  t.s. = 633 l b  
av. u l t .  t.s. = 600 l b  

Circumferential  tape - rol l#  
unknown - f o r  4 1  random 
samples, t e s t  data i n d i c a t e  
following values : 

Min. u l t .  t.s. = 279 l b  
Max. u l t .  t.s. = 330 l b  
Av. u l t .  t.s. = 306.5 l b  

i a l  d i r e c t i o n  I s  
(Min. u l t .  str. Joint)/(Min. u l t .  t.s. tape) = 600/570 
= 105.21. 
(Av. u l t .  str. joint) / (Av.  u l t .  t.s. tape) = 607.6/600 

(Min. u l t .  str. joint)/(Max. u l t .  t .8.  tape) = 600/633 
= 94.81. 

= 101.31. 

Ef f ic iency  i n  c i r cumfe ren t i a l  d i r e c t i o n  1s 
(Mln. u l t .  str. joint) / (Mln.  u l t .  t.s. tape) = 296/279 - - 106.1%. 
(Av. u l t .  str.  joint) / (Av.  ult. t.s. tape) = 301/306.5 - 
= 98.25. 
(Nin. u l t .  str. joint)/(Max. u l t .  t.8. tape) 2961330 
= 89.67. 
CONCcUSIONS 
predicted values and j o i n i n g  method is acceptable .  

_ -  ___ ------ -- - - _- -__ 
J o i n t  e f f i c i e n c y  for radial  tape is within 

Circumferent ia l  t apes  are not considered par t  of prlmax 



For d e t a i l s ,  see Detail "B" 
Dwg. 1.5438. 

J o i n t ,  R a d i a l  t o  Circumferential Tape ThrouRh Gap Section 
Sketch E-0082-TL/9 



LABORATORY TEST REQUEST/REPORT 

ITEMCS) TO BE TESTED PROJECT E-0082 
Radial tape through gap area. NO I 

TEST 
NO . E-0082-9W10 

PURPOSE a ULTIMATE U P O I N T  OF n E F F I C I E N C Y  D O T H E R  I 
STRENGTH FAILURE ~ 

TEST METHOD Use Tlnlus  Olsen tens ion- tes t ing  machine on 
2400-lb scale, w i t h  3%-in.-dIam. drums, and load rate of 
10 ln./min. (See attached sketch.) 

REQUESTED BYIDATE REQUESTED~REQUEST APPD. BYIDATE APPROVED 
JPB 13 Ju ly  67 

TABLE 
Tes t  No.  U l t .  t . ~ . ~  l b  

1 642 
2 642 
3 6 35 

AV 639.6 

JPB 1 13 July 67 
COMMENTS 
Tape was from r o l l  708. 
(Control samples failed 8t 
620 l b  mln, 630 l b  max. and 
626.6 l b  av.) 

Ef f ic iency  of r a d i a l  tape is  RESULTS 

(Min. u l t .  str. of sample)/(Min. u l t .  str. of tape) - 635/620 = 102%. 
(Av. u l t .  str. of sample)/(Av. u l t .  str. of tape) 
= 639.6/626.6 = 102%. 
(Mln. u l t .  str. of sample)/(Max. u l t .  str. of tape) 
= 635/630 - 101%. 

CONCLUSIONS T e s t  r e s u l t s  Ind ica te  that there is no 
strength loss as a r e s u l t  of stitching. 



3/4 x 550 l b  
Dacron tape 
Pioneer Spec. 66-5, WPe 11 

Dacron thread 
s i z e  F,  5/8 in .  
gauge 2-needle 
s t i t ch ing  

J o i n t ,  Radial Tape Through Slots and Gap 
Sketch E-0082-TL/10 



I 
I 
I 
I 
I 
1 
I 
B 
1 
1 
3 
I 
i 
I 
I 
I 
I 
I 
1 
I 
I. 
I 

ITEM<S) TO BE TESTED 
J o i n t ,  vent l i n e  t o  radial tape. 

LABORATORY TEST REQUEST/REPORT 

E-0082 PROJECT 
NO . 

TEST E-0082-nJ11 NO 
c 

'URPOSE a U L T I M A T E  IrJPOINT OF @EFFIC IENCY D O T H E R  
STRENGTH FAILURE 

TEST METHOD 
2400-lb range, 12-in/min load rate and 3 L - h .  s p l i t  drums. 

Use Tin ius  Olsen tens ion- tes t ing  machine, 

REQUESTED BYIDATE REQUESTED~REQUEST APPD. BYIDATE APPROVED 
J P B  22 June 67 I 

TABLE 
Pest no. U l t .  t.8., l b  

1 606 
2 590 
3 602 

AV. 599 

JPB I 22 June 67 

COMMENTS 
Cord from unknown r o l l  no. 

was 610 lb .  
Mln. u l t .  t.8. of  cord 

RESULTS 

( J o i n t  t.s. min)/(min u l t  t.s. of cord)  = 590/610 = 96.7%. 
Ef f i c i ency  of j o i n t  IS 

CoNCLUS1oNS J o i n t  e f f i c i e n c y  used i n  prel iminary design 
stress report ( 9 5 % )  appears t o  be reasonable.  
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For d e t a i l s ,  see Dwg. 1 .5438,  Detail "A". 

J o i n t ,  Vent Line t o  Radlal Tape 
Sketch E-0082-TL/ll 
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